SUMMARY. In a single subject design, acupuncture effects on peripheral skin temperature were studied in six children with cold feet associated with cerebral palsy, progressive encephalopathy or Smith-Lemli-Opitz syndrome. Skin temperature was measured at fixed points on the forehead, suprasternal fossa, hand dorsum and palm, foot dorsum and sole from a distance of 3 cm with a Raytek Raynger ST2L. Acupuncture needles were inserted in arms or legs with or without electrical stimulation.Three children displayed a brief rise in temperature in the hands and one in the feet. A tendency towards a cumulative effect in improved skin temperature occurred in two of three children receiving additional sessions. One child did not respond to acupuncture. It is possible that acupuncture may increase skin temperature in some children with cold extremities of neurological origin. Studies in larger groups are needed.
INTRODUCTION
Reduced peripheral circulation resulting in cold extremities can be observed in adults 1 and children 2 with neurological damage. Physical activity is relatively low in such children, and on the unpleasant feeling of cold hands and feet probably reduces their wish to move, adding to functional limitations and causing parental concern. Present treatments using massage or direct heating by elements in socks rarely works satisfactorily. One of many reasons for sensory stimulation's influence on vascular effects lies in the innervation by sympathetic neurons of the cutaneous vascular bed in the autonomic system. 3 Acupuncture is one mode of sensory stimulation with a strong vasodilatory effect. 4, 5 Circulation is regulated by the stimulation of Type III and IV afferents having an excitatory link to the sympathetic outflow. After sensory stimulation, skin temperature increases as sympathetic activity is reduced, probably due to mediation by opioids that can be eliminated by large doses of naloxone. 6, 7 The influence of the hypothalamus β-endorphin system is probably significant, for the effects are counteracted by lesions in this structure. Sensory stimulation also causes antidromal activation with a local release of substance P (SP) and a calcitonin gene-related peptide (CGRP), both of which are strong vasodilators. 6, 8, 9 Circulation studies show that intra-arterial infusion of SP or CGRP increases blood flow in the same way as does local electrical stimulation of thin afferents including Aδ-fibres. 4, 6 In other studies, a correlation is found between skin temperature and circulation when room temperature is constant, indicating that skin temperature change corresponds to vasodilation alteration. 10, 11 Effects of acupuncture on skin temperature in children with neurological disorders and cold feet: an exploratory study
Because of acupuncture's vasodilatory effect, we initiated a small exploratory study to assess any skin temperature change obtained in six children with extremely cold feet due to various forms of neurological damage. The aim was to discover if further investigation could be worthwhile in a larger and well characterized group of children. Three possible effects were studied: (1) momentary temperature change, (2) change in basal skin temperature from repeat sessions and (3) alteration in skin temperature response in repeat sessions. To assess the effect of long-term treatment three patients received additional sessions.
PATIENTS AND METHODS

Patients
The first acupuncture series (first course)
Six children (five girls and one boy) 4-16 years old, with severe motor disabilities and mental retardation were selected after consultation with a senior physician, taking into account parental concern for their child's condition. The parents volunteered their children after our offer and information about the trial's purpose.
Four children had damage due to cerebral palsy, one dystonic (I) and three with spastic character (II, IV, VI). Two others had neurological symptoms with incomplete diagnoses; both were generally hypotonic, one with progressive brain disease and definite spasticity in the feet (III) and the other with Smith-Lemli-Opitz (SLO) syndrome, 12 emaciated legs and blue-tinged feet (V) ( Table 1 ). All were non-walkers, thus any influence from physical activity was avoided. Their pharmacological and physical treatment continued normally during the courses.
The second course
To assess the cumulative effects and verify parental reports of major subjective improvement at the first acupuncture series, a year later a second course of sessions was offered to children III, V and VI.
Methods
The investigation was based on the 'single subject design' with each child comprising its own control. 13 Skin temperature was assessed at the forehead (1 cm above acupuncture point EX 2), the suprasternal fossa, the palm (PC 8) and the dorsal surface of the hand (at the midpoint of third metacarpal bone) and the sole (KI 1) and dorsal surface of the foot (ST 43).
14 The various body temperatures were measured at a fixed distance of 3 cm between the skin and the decoder (Raytek Raynger ST2L, Raytek Inc., Santa Cruz, CA, USA), an instrument which instantaneously converted infrared radiation to Celsius. 15 Data were collected between 09.00 and 15.00 with constant readings approximately hourly for each child. The room was thermostatically controlled at 22 ± 0.5˚C. Before the experiment the children, dressed in T-shirts and short pants, were allowed to acclimatize to the room temperature for 20 minutes. They were not engaged in any activity or physical therapy before, during or after the equilibration period. No food was taken in the 30 minutes before starting the trial. Outdoor temperatures were also noted.
Besides the acupuncturist (a registered physical therapist specially trained in the treatment of disabled children and acupuncture), a person with whom the child felt secure was present throughout.
The first course
The various body temperatures were noted before any acupuncture, before and after each session and at 1 month follow-up. The baseline values were measured at 5-minute intervals over 20 minutes on two occasions during 2 weeks. For practical reasons, four of the children (I, III, IV, V) were seated and two (II, VI) laid prone.
Each child received 4 weekly test sessions to select the best points and mode of stimulation according to a naturalistic protocol, 16 which has been suggested to allow for optimal evaluations of sensory stimulation techniques 17 and, as such, each child's subsequent acupuncture series was based on the test treatment producing the greatest foot temperature increase.
The order of the first three test treatments was randomized and the skin temperature was registered before and after each acupuncture event. The choice of points was based on the ability to achieve a peripheral local effect or a general effect or both. 7 Needles were stimulated manually, three times during 20 minutes, either in local acupuncture points in the lower extremities which were segmentally related to the somatovisceral innervation of the sympathetic nerves regulating the peripheral bloodflow (GB 34, BL 60), distally in the upper extremities evoking general sympathetic responses, DNIC (TE 5, LI 11), or in a combination of local and distal points.
14 The sterile stainless needles (Hwato) were 1.3 cm long and the insertions were made at depths between 0.4 and 0.6 cm. The stimulation of the acupuncture point evoked a resistance in the needle that is similar to the local response other patients experience as de Qi. 16 In the fourth test treatment low-frequency electro-acupuncture was given in the points that had yielded the greatest foot temperature increase on the first three occasions. 7 An IC-1107 stimulator (Wilkris & Co AB, Stockholm, Sweden) was used to supply biphasic pulses with pulse width 0.1 ms, frequency 2 Hz, intensity 2-5 mA, so that non-painful local muscle contractions could be achieved, thereby reducing the sympathetic activity.
The evaluation resulted in the positioning of needles in the legs of five children and, in one of them, a combination of these with points in the arms. One child had needles set only in the arms. The needles were stimulated manually three times in each session of 20 minutes in two children and continually by low-frequency electro-acupuncture in four. The choice of sites and mode of stimulation are shown in Table 1 . The crown of the head (GV 20) was stimulated manually every time in all children and on all occasions.
14 The course comprised eight (seven for child III) twice weekly sessions.
The second course
Basal skin temperatures were recorded for 30 minutes, three times at 15-minute intervals, on four occasions (three for child V) over 2 weeks before the second course. Next, skin temperatures were noted before and immediately after each treatment session, on one or two treatment-free days per week and finally 1 and 3 months after the course end.
The choice of points and mode of stimulation were similar to the first series, with 20 minute sessions twice a week. Child III underwent six sessions, child V five and child VI eight.
Statistical analyses
To determine if any significant momentary temperature changes occurred in the different parts of the body, an ordinary student's t-test was applied to the differences between the 'before-session' and 'after-session' measurements. The temperature differences were analyzed (separately for each child and body part) as a simple random sample from a normally distributed population of differences, generated under the same circumstances. 18 To control the overall Type I error rate, the Bonferroni method was used. 19 Possible change in basal skin temperature and/or change in temperature after the events during the first course, as a result of repeat sessions was estimated by linear regression with temperature as the y-variable and time as the x-variable. 20 To assess cumulative effects (first and second course), differences in skin temperature were calculated relative to the first baseline at the chosen timepoints. The estimation of cumulative effects utilized the GLM-procedure in SAS V8.1. To adjust for multiple comparisons, the ADJUST = DUNNETT option was used. 19 In the corresponding figures 95% confidence limits for mean-levels are presented.
RESULTS
Skin temperature change in the first course
Basal skin temperatures are shown in Table 2 . The results showed that skin temperature was affected both momentarily and over time as a result of repeat sessions. The momentary temperature change was seen in the extremities and the effects were varied (Table 3) . Three children (I, II, III,) displayed a significant increase in hand temperature and one (II) in the feet. In general, there was no correlation between momentary skin temperature change and indoor or outdoor temperatures (data not shown). Repeat sessions resulted in a significant cumulative rise in basal skin temperature before the events at four sites in child III, three in the hands and one in the foot, and at one foot measuring point in child IV, Table 4 . A significant temperature improvement due to repeat sessions was seen at two hand sites and all foot sites in child III and at one measuring point each in child I and child II, foot and hand respectively (Table 5) .
Effect of additional sessions on skin temperature
The cumulative benefits in the extremities from a second course varied among the children.
Typical temperature changes over time in child III, V and VI are schematically presented in one hand and one foot measuring point (Figs 1-3 ). The mean skin temperatures shown are: the basal before any acupuncture (Base 1), the last three sessions in the first series (Acu 1) and 1 month later (FU1, 1m), followed by the basal 1 year after the first series (Base 2), the treatment free days of the second course (Acu 2) and the follow-ups one (FU2, 1m) and three months (FU2, 3m) afterwards. As shown in Figure 1 , Child III experienced a temperature rise in hands and feet at the first series, followed by a further temperature increase at the second series. The temperature improvement persisted at 1 and 3 months after the second course.
Child V (Fig. 2) had no significant temperature change over time in the hands, although some higher temperatures were seen at the follow-ups to the second course. Foot temperature initially decreased at the first series, but was followed by a reverse at the first follow-up. At the second baseline the temperature was decreased again, although not to the same extent, but it remained lowered during the second course and at the follow-ups.
Child VI (Fig. 3 ) obtained a temperature rise in the hands at the first series 'follow-up with an augmented temperature improvement at the beginning of the second course and through 1 and 3 months after the extra sessions. A similar but minor temperature increase appeared in the feet at the first series' follow-up, which was improved at the second baseline and persisted through the second course and follow-ups.
DISCUSSION
The results showed that skin temperature was affected both momentarily and over time, with the changes mainly in the extremities. Momentary effects were generally better in the hands. A cumulative effect on skin temperature was seen in two out of three children receiving additional sessions. The onset, level and site of increase varied among these children. One child had no benefit from acupuncture.
Normal skin temperature values in children and adults are undetermined. 21 Skin temperatures recorded before acupuncture in 19 healthy adults (32 ± 8 years old) show the average basal temperature and standard deviation in their hands as 32.6 ± 1.5˚C, and 30.6 ± 1.6˚C in the feet. 22 Further investigations of skin temperatures in children with similar disorders and corresponding values in healthy children would be of interest.
Acupuncture raised skin temperature, primarily in the hands. Increases occurred when electricallystimulated needles were positioned in the legs, suggesting that peripheral blood circulation is generally affected by a central blocking of sympathetic activity. Similar results were seen when transcutaneous electrical stimulation of one extremity affected the temperature in other parts of the body in patients with peripheral ischaemia. 23 A delay in the onset of temperature rise was observed following the stimulation of cold extremities. The increase had a latency of 15-30 minutes but this could extend to 240 minutes when the initial temperature was very low. Evaluation of heat treatment showed a correlation between the degree of vasodilation and the initial temperature, where vasodilation started in the warmest extremity. 24, 25 Once the reaction began, the amount of increase was the same in both warm and cold extremities, which possibly explains how the momentary effect in our study was primarily registered in the hands.
In patients with xerostomia and Sjögren's Syndrome, repeat treatment with manual or lowfrequency electro-acupuncture resulted in an increase in the peripheral vascular flux. 26 Indications were that such increase is more pronounced in patients who had previously reacted with improved saliva flow to a first course 1 to 4 years earlier. The results for child III and VI suggest that similar mechanisms are activated in children with low peripheral skin temperature.
Child III with progressive brain disease experienced a temperature rise during the first eight sessions which became more pronounced during the second course (probably an ongoing effect) and persisted at follow-ups. The post sessional temperatures rose to the values of healthy subjects 21, 22 in both hands and feet.
Child VI with spastic diplegia displayed cumulative effects after the second course, with temperature increases in the hands of approximately 4˚ at the 1-month follow-up. However, the levels of healthy subjects were not achieved. 21, 22 A minor effect but a similar trend was seen in the feet. The very low basal temperatures in the extremities, particularly in the feet (Table 2) , may have influenced the rate and extent of the response to acupuncture. Child V, with SLO-syndrome, had no benefit from acupuncture. The syndrome can be associated with reduced nerve myelinization which diminishes afferent stimulation effects.
Interestingly, follow-on courses indicated possible cumulative effects on skin temperature. The choice of acupuncture-points, mode of stimulation and number of courses must be based on each individual's potential response. However, it would appear that the selection of patients likely to benefit is of major importance and needs further investigation; i.e. the functional state of the autonomic nervous system/organ may differ more between individuals with the same diagnosis than between different subjects with different diagnoses. 27 The use of sensory stimulation therapies on peripheral haemo-dynamic functioning has recently been reviewed in adult patients and healthy people, [28] [29] [30] [31] [32] [33] and shows the importance of continuing work in this field. Since acupuncture was acceptable to the children it is an attractive treatment from a humane point of view. Thus, further investigations in a larger well-characterized group to clarify the effects on skin temperature are in order.
CONCLUSION
This pilot study suggests that acupuncture may have an effect in some children with neurological disorders and reduced peripheral skin temperatures. The possibility of cumulative benefits from complementary sessions, which were seen as extended temperature rises at the second course, was of special interest. The rate and extent of the responses to acupuncture were very likely influenced by the basal temperature in the extremity. However, further studies in a larger and more carefully detailed selection of children are needed to clarify the effects of acupuncture on skin temperature. The research should be based on individuals' optimal potential response to the therapy.
